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ABSTRACT 

We report the results of the Chandra observations of the (Sim/i-discovered short Gamma- Ray Burst 
GRB 050724. Chandra observed this burst twice, about two days after the burst and a second time 
three weeks later. The first Chandra pointing occurred at the end of a strong late-time flare. About 
150 photons were detected during this 49.3 ks observation in the 0.4-10.0 keV range. The spectral 
fit is in good agreement with spectral analysis of earlier Swift XRT data. In the second Chandra 
pointing the afterglow was clearly detected with 8 background-subtracted photons in 44.6 ks. From 
the combined Swift XRT and C/iandra- ACIS-S light curve we find significant flaring superposed on an 
underlying power-law decay slope of a=0.98i ; og . There is no evidence for a break between about 1 ks 
after the burst and the last Chandra pointing about three weeks after the burst. The non-detection 
of a jet break places a lower limit of 25° on the jet opening angle, indicating that the outflow is 
less strongly collimated than most previously-reported long GRBs. This implies that the beaming 
corrected energy of GRB 050724 is at least 4 x 10 9 ergs. 
Subject headings: GRBs:individual(GRB 050724) 



1. INTRODUCTION 

G am ma-Ray Bursts (GRBs) are separated into tw o 
classes ()Kouveliotou et al. lll993l iPaciesas et al. II1999J): 
long, soft bursts (tgo > 3 s, where tgo is the time interval 
within which 90% of the flux arrives), which are associ- 
ated with the for mation of a bla ck hole during massive 
star core collapse (|Wooslev Il993|) : and short, hard bursts 
(tg < 3 s), thoug ht to be the result of mergers of com- 
pact objects Ce.g |Eichler et al. Il989t IPaczvhski Ill991t 



151 [Fox et al. Il2005t iBarthelmv et al. I 



Gehrels et al. II200F 

2005bl iBloom et al. 1 120061 iBerger et al. 112005^ Both 
types of GRBs are thought to produce a highly rcl- 
ativistic fireball that results in the prompt 7-ray 
emission through internal shocks in the outflow, and 
subsequently causes a broad- band afterglow when it 
shocks the surrounding m edium l)Meszaros fc Rees 119971 
iZhang & Meszaros I200l . Much progress has been made 
since 1997 on the nature of long GRBs, primarily through 
the study of their radio, optical, and X-ray afterglows, 
but no afterglows of short GRBs had been detected un- 
til 2005, so our understanding of short GRB production 
mechanisms and environments is still in its infancy. The 
discoveries by Swift and HETE of the afterglows and 
count e rparts for short GR B's 050509 B (iGehrels et al 
"H 12003) . 050709 llVillasenor et al 
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l|Barthelmv et al. I I2005U IBerger et all I2005T) was a 

tremendous breakthrough in the field, on par with the 
discovery of t he first GRB aft erglow by Beppo-SAX 
(GRB 970228: ICostaet allll997l) . The X-ray light curve 
of GRB 050724 displays several flares including a late 
time flare starting at about 20 ks after the detection of 
the b urst and lasting for about a day ijCampana et al ~l 
l2006|) . The early X-ray observations of GRB 050724 
by Swift also r evealed the first Swift-discovered dust- 
scatt ered halo ijRomano et al. I l2005at iVaughan et al. I 
l2005|) . which was only the second time that an X-ray 
halo was seen around a GRB afterglow. We report here 
on combined Chandra and Swift XRT observations of the 
X-ray afterglow of GRB 050724, the first high-quality X- 
ray afterglow of a short burst, and their implications for 
beaming in this object. 

The paper is organized as follows: In §?? we de- 
scribe the observations and the data reduction. In §?? 
we present the data analysis. The discussion of our 
results is given in §??. Throughout the paper decay 
and energy spectral indices a and f3 are defined by 
F„(t, v) oc (t — to)~ a v~P , with to the trigger time of the 
burst. Luminosities are calculated assuming a ACDM 
cosmology with fiM=0.27, f2A=0.73 and a Hubble con- 
stant of Hq=71 km s -1 Mpc - 1 using the luminosity dis- 
tances given bv IHoggI l|1999D . All errors are la unless 
stated otherwise. 

2. OBSERVATIONS AND DATA REDUCTION 

The Burst Alert Telescope (BAT, IBarthelmv et al. I 
l2005aj) o nboard the Swift G amma-Rav-Burst-Explorer 
Mission lIGehrels et al. ll200l trig gered on GRB 05072 4 
at 12:34:09 UT on 2005 July 24 l|Covino et al~l 12005]) . 
The burst had Tgo=3.0±1.0s, but most of the flux 
was released in a hard sp ike with a duration of 0.25 s 
ijBarthelmv et al. I l2005b|) . Therefore it was consid- 
ered to be a short GR B. Swift's X-ray Telescope (XRT, 
iBurrows et al. I l2005bt ) began observing the afterglow 
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Swift 's UV-Optical Telescope (UVOT, iRoming et aT~l 
I 2005D and only a 3a limit of V>18.84 was reported by 
iChester et al. I (l20Q5l>. Spectrosco pic redshifts were re- 
ported bvlProchaska et all pOOfo (z=0.258±0.002) and 
iBerger et al. I (|2005l) (^07257±0.Q01), who also report 
on the radio and NIR observations of GRB 050724. 

The Chandra X-ray Observatory performed two Tar- 
get of Opportunity observations of GRB 050724. The 
first occurred two days after the burst at 2005 July 26 
20:10 - 2005 July 27 10:45 (UT) for a total of 49.3 ks. 
The second observation was about three weeks after the 
burst for a total of 44.6 ks at 2005 August 14 20:29 - 
2005 August 15 10:15. All observations were performed 
in Very- Faint mode with the standard 3.2s read-out time 
on the on-axis position on the back-illuminated ACIS-S3 
CCD. We reprocess all Chandra event data using CIAO 
acis p rocess e vents and applied VF mode cleaning in or- 
der to reduce the ACIS particle background. Source pho- 
tons were collected in a circular region with r=1.5" and 
r=1.0" for the first and second Chandra observations, re- 
spectively. The background photons were selected from 
the primary event file in a circle with r=15 and r=10", 
respectively. The data reduction was performed using 
the Chandra analysis software CIAO version 3.3. The 
X-ray spectrum from the first Chandra observation was 
extracted with the CIAO tool dm extract and wa s ana- 
lyzed with XSPEC version 12.2.1 l|Arnaud 11199^ . The 
calibration database was CALDB version 3.2.0. The re- 
sponse matrix and the auxiliary response file were cre- 
ated by the CIAO tools mkrmfand mkarf. The spectrum 
was rebinned using the FTOOL grppha version 3.0.0 to 
have at least 15 photons per bin. 

The Swift XRT observed GRB 050724 in the Win- 
dowed Tim ing (WT) and Ph oton Counting (PC) observ- 
ing modes ijHill et al. 112004^ . T hese X-ray observations 
have been discussed in detail bv lCampana et aT~l (|2006T) 
and in this paper we only concentrate on the PC mode 
data of the later time flare (T>20 ks after the burst) 
in order to compare the XRT data with our Chandra 
data. The XRT data were reduced by the xrtpipeline 
task version 0.9.9. Source photons were selected by XS- 
ELECT version 2.3 in a circular region with a radius of 
r=47" and the background photons in a circular region 
close by with a radius r=96". For the spectral data only 
events with grades 0-12 were selected with XSELECT. 
The spectral data were re-binned by using grppha hav- 
ing 20 photons per bin. The spectra were analyzed with 
XSPEC version 12.2.1. The auxiliary response files were 
created by xrtmkarf and the standard response matrix 
swxpc0tol2_20010101v008.rmf was used. 

Background-subtracted X-ray flux light curves in the 
0.3-10.0 keV energy range of the Chandra and Swift ob- 
servations were constructed using the ESO Munich Image 
Data Analysis Software MIDAS (version 04Sep). The 
count rates were converted into unabsorbed flux units 
using energy conversion factors (ECF) which were deter- 
mined by calculating the count rates and the unabsorbed 
fluxes in the 0. 3-10.0 keV ene r gy ba nd using XSPEC 
as described in iNousek et al. I l)2006|) . The ECFs are 
8.3xl0 -11 ergs s _1 cm~ 2 counts -1 for the Swift observa- 
tion 1.6xl0~ n ergs s _1 cm -2 counts -1 for the Chandra 
observations. 

3. DATA ANALYSIS 



3.1. Position 

The first Chandra observation found a single source lo- 
cated within the Swift XRT error circle at RA ( J2000) = 
16 h 24 m 44. s 36, Dec (J2000) = -27°32'27" 5, with an er- 
ror r adius of Of! 5 ^Burrows et al. Il2005dl) . This places 
the X-ray after glow IV south of the center of an el- 
liptic al galaxy ijBarthelmv et al.~l l2005bf IBerger et al. I 
120051) . coi ncident with the opt ical afterglow position re- 
ported bv IBerger et al. I (120051) and wit h the VLA radio 
positio n given bv IBerger et al. I l)2005[) and iSoderbergl 

3.2. Light curve 

The left panel of Figure H displays the 0.3-10 keV un- 
absorbed flux light curve of the Swift XRT PC mode and 
Chandra ACIS-S observations. TablcQllists the times and 
fluxes of the Swift and Chandra observations. Following 
the early very steep de cay (between 100 and 300 s; see 
iCampana et al. I (|2006j)), the light curve is well fit by a 
single underlying power law decay slope of a=0.98taog 
(indicated by the dotted line in Figure^) , with one small 
and one very large flare superposed. The slope was deter- 
mined from a linear regression fit to the four underlying 
afterglow data points in the Swift XRT light curve plus 
the final Swift XRT data point. Note, that the last XRT 
data point is just a marginal detection at the 2a level con- 
taining a total observing time of 47.1 ks. The afterglow 
decay sl ope a=0.98 devia t es from the slope a=0.60±0.20 
given in lCamoana et al~l l)2006f) . We analyzed our after- 
glow light curves by using different fitting routines within 
XSPEC, IDL, and MIDAS and always found a decay 
slope a wl.0. Most likely the difference between our 
decay slope and that found bv ICampana et aL~l (|2006f) 
is due to different binning methods and/or treatment of 
the various flares that complicate modeling the underly- 
ing afterglow. 

The largest flare occurs about 50ks after the burst. 
This flare has a flu ence of 7.7xl0 -8 ergs cm~ 2 
l)Campana et al. II2006D . The first Chandra observation 
from 2005-July-26/27 occurred at the end of this late- 
time flare. While the afterglow was almost undetectable 
with the Swift XRT, Chandra was able to detect 150 
source photons in the 49.3 ks observation in the 0.4- 
10.0 keV band. A combined XRT and ACIS-S light 
curve of the decaying flare as displayed in the right 
panel of Figure^ results in a decay slope a=2.98t 1 1 3 
(x 2 /v = 9.8/14). 

During the second Chandra observation three weeks 
after the burst 8 background-subtracted source photons 
were detected in 44.6 ks. As shown in the left panel of 
Figurc^this last data point is consistent with a flat decay 
slope a=0.98, representing the underlying afterglow due 
to the forward external shock in the ambient medium. 
There is no sign of a jet break in the light curve up to 
the final Chandra point three weeks after the burst. 

3.3. Spectral Analysis 

Figure El displays the Chandra ACIS-S spectrum of 
GRB 050724. This spectrum was obtained during the de- 
cay of the late-time flare in the light curve of GRB 050724 
(left panel of Figure This spectrum can be well-fitted 
by a single absorbed power law (using wabs * powl in 
XSPEC). The results of the fits to the X-ray data are 
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listed in Table [5] A free fit to the data results in an ab- 
sorption column density at z=0 of iVH=5.86l|;|g x 10 21 
cm~ 2 , which is significantly in ex cess of the Galactic 
value 7Vh=1.48x10 21 cm -2 give n byl Dicke^j^JjQjck man I 
However, as noticed bv lVaughan et al. I l)2005fl . 
the linc-of-sight of GRB 050724 passes close to the Ophi- 
uchus molecular cloud and the Galactic column den- 
sit y is therefore significantly h i gher than what i s given 
bv iDickev fc Lockman I l)1990|) . TVaiighan et al. 1 (|2005T) 
estimated the real value of the Galactic column den- 
sity to be 3.4-4.2 xlO 21 cm" 2 . Therefore the fit to the 
Chandra ACIS-S data is consistent with the Galactic 
value and no additional absorption is required. Figure [2] 
displays the single power law fit to the Chandra ACIS-S 
data. The left panel of Figure [21 shows the ACIS-S spec- 
trum and the right panel displays a contour plot of the 
absorption column density Nh and the photon spectral 
index r=/3x+l- We conclude that no intrinsic absorber 
is required in the host galaxy. The X-ray energy spectral 
slope as listed in Tablets /3x=0.86^o3ij where the ab- 
sorption column density is fixed to th e Galactic value 
with A f H=4.0x 10 21 cm~ 2 as given by IVaughan et al. I 
ll2005T) . 

For comparison, we examine the Swift XRT spectrum 
of the late-time flare of GRB 050724, shown in Figure |3| 
As listed in Table |3 our analysis of the XRT data of 
the late time flare (T>20 ks after the burst) results in 
an energy spectral index /3x=0.85lQ' 2 g when the absorp- 
tion column density is left as a free parameter. The ab- 
sorption column density Nn^iAi^'lt x 10 21 cm~ 2 also 
agrees with the Galactic absor ption column density as 
given bv lVaughan et al.1 l)2005j) and does not require any 
additional absorptio n. This result ag r ees w ell with the 
analysis reported bv iCamoana et al. I l|2006f) . The right 
panel of Figure [3] displays the contour plot between the 
absorption column density Ah and the photon index T. 

TablcEl also lists the results from a joint fit to the 
Chandra ACIS-S and Swift XRT spectra. This joint fit 
yields similar results to those obtained from the separate 
spectral fits. 

The Chandra spectral analysis from the fading tail 
of this flare is in excellent agreement with the spectral 
fit for the flare as a who le, confirming the conclusion 
of iCampana et a!~l l)2006f) that there is no evidence for 
spectral evolution in this afterglow. 

4. DISCUSSION 

The main result of our late time Chandra observation 
is that there is no jet break observed in the X-ray after- 
glow of GRB 050724. Our last Chandra data point con- 
nects to the lower envelope of the XRT data points before 
~ 20 ks as a single power law decay with a=0.98io' g. 
We interpret this slope as the afterglow from the forward 
shock, extending from ~ 0.5 ks after the burst until after 
the last Chandra observation 3 weeks later, with flar- 
ing superposed on this steady decay . Following the slow 
coolin g ISM case listed in Table 1 in lZhang fc Meszaros I 
<|2004f) we find that the slope of the electron spectrum 
is p = 2.70 and that the observed emission frequency v 
is v m < v < v c with u m t he injection frequency an d v c 
the cooling frequency (See iZhang fc Meszaros l2004 for 
details.). 

The non-detection of a jet break up until 22 days af- 
ter the burst places constraints on the jet opening an- 



gle. Using the rel ations given bv lSari et al. 1 1)1999|) and 
iFrail et al. I (|2001l) . we can estimate the jet opening angle 
as: 

— (£) i/8 fer <» 

using an ambient medium density of n = 0.1 cm -3 , an 
isotropic equivalent energy of 4 xlO 50 ergs s _1 and an 
isotropic-cquivalent kinetic energy of £"k,iso = 1.5xl0 51 
ergs, and an efficiency of the fireball r\ = ^ K l3 ° =0.2, as 

given bv lBerger et al. I (I2005T) . If the density is as high 
as 10 3 cm" 3 ijPanaitescu 1 12006) . the inferred jet angle 
must be larger than 79°. 

Thi s res ult differs from the c onclusions of iPanaitescu I 
<)2006l) and lBerger et al. I i|2005fl , who estimated an open- 
ing angle of 8° — 12° based on the radio and NIR ob- 
servations of the afterglow of GRB 050724. The radio 
data seem to suggest an early jet break about 1-2 days 
after the burst, based on the steep radio decay slope 
(*radio = 2.0, but the paucity of both the optical and ra- 
dio observations and the possibility of strong Galactic 
interstellar scintillation in the 8.5 GHz radio band make 
this conclusion uncertain ijPanaitescu I l200fi|) . In addi- 
tion, we point out that both the optical and radio data 
occur on the declining side of the large X-ray flare. If 
this flare is caused by central engine activity, the optical 
and radio behavior may be related to this flare rather 
than to a jet break. In any case, since a jet break is 
expected to be achromatic, the Chandra data strongly 
rule out a jet break at one day post-bu rst. The energy of 
the pr ompt emission is 3 x 10 50 ergs (|Barthelmv et al.~l 
I2005bft while the energy in the late-time flare is 2 x 10 
ergs ijCamoana et al. 12006^1 which is about 7% of the en- 
ergy of the prompt emission. This result supports central 
engine mod els which predict a reduce d activity at later 
times (e.g. IZhang fc Meszaros ll200l . 

Until recently, no jet break has e yer been convinc- 
ingly found in a short GRB afterglow. iFox et al. I pOOl 
discussed the possibility of a jet break in the HETE- 
2-discovered short burst GRB 050709. However, their 
conclusions are based o n few data points that poorly 
constrain jet parameters jPanaitescu Il2006|) and may be 
open to other interpretations, particularly given the com- 
plex nature of X-ray afterglows, even for short GRBs 
(e.g. GRB 050724). The only convincing case of a jet 
break found in a short GRB afterglow is GRB 051221A 
l)Burrows et al. 1200(1 Paper II), based on detailed, well- 
sampled Swift and Chandra observations. 

The large lower limit of the jet angle inferred from our 
data suggests that the jet of this particular short GRB 
is much less collim ated than typical long GRBs reported 
in previous works llFrail et al. Il200lt IB loom et al. ll2003t 
iSoderberg elaTI l2006|) ~ although we note that Swift 
afterglows in general may not support those early re- 
sults (Sato et al. 2006, in preparation; Willingalc 
et al. 2006, in preparation). The elliptical host 
galaxy of GRB 050724 suggests that the progenitor is 
not a collapsar and is likely a compact star merger 
(NS-NS or NS-BH). The wide jet angle inferred from 
the da ta is consistent with such a pro genitor scenario 
(e.g. iMeszaros. Rees. fc Wiiersl Il999|) . since there is 
no extended massive stellar envelope as in long GRBs 
that serves to naturally collimate the outflow (e.g. 
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iZhang. Wooslev. fc Heger1l200l. Numerical simulations 
of mergers (e.g. lAlov et al. 1 120051) suggest a varying 
degree of short GRB collimation angles, which are in 
general wider than those of long GRBs. A wide angle 
also p otentially explains why short GRB s are less bright 
(e.g. iMeszaros. Rees. fc Wiiers II1999I) . The total en- 
ergy budget (collimation corrected) of short GRBs then 
should not be orders of magnitudes lower than that of 
long GRBs. Swift observations show that short GRBs 
typically have a very low isotropi c gamma-ray energy 
given their very low redshifts (e.g. iGehrels et al. 1l2005t 
iBarthelmv et al. M2005bT: iFox et al. 11200,^ . However, if 
short GRBs typically have wide jets, this would reduce 
the large gap in the total energy budget of short and long 
GRBs implied by the isotro pic energies, whic h differ by 
several orders of magnitude ijFrail et al. I2001J) under the 
assumption of similar jet angles. Ap plying the b e aming 
corr ection of (1 — c osQ) as given bv iSari et al. I l)1999f) 
an dlRhoads I ll 19991) and using the isotropic energy given 
by IBerger et al. I l|2005D of E lMo = 4 x 10 50 ergs, the 
beaming corrected energy of GRB 050724 is 4 x 10 49 to 
4 x 10 50 ergs, depending on the beaming angle. This 
energy is comparable with the modest fireball energies 
predicted from neutron star - neutron star mergers based 
on neutrino - anti-neu trino annihilation as given by, e.g., 
iPopham et aTl lfl99l . 

The long measurement baseline for the afterglow slope 
enabled by the late Chandra observation also guides the 
interpretation of the late flare, making it clear that the 
rapid decline in the X-ray light curve after 60 ks is 
the decay of a flare and not a jet break. In the Swift 
era, X-ray flares have generally been interpreted as due 
to late central engine activity |[B urrows_gjLaLJ |2005cj; 
[ Zhang et ani2006tlFaTcone et al 1120061 IRomano et al. I 
I2006|) . IZhang et al. I l)2006|) pointed out that the steep 
decay (a ~ 2.70) after this flare may be an indication 
of the curvature eff e ct of a late internal dissipation ac- 
tivity. ILiang et al. 1 l|2006|) have tested such a model by 
searching for the required time zero point of this flare to 
satisfy the curvature effect interpretation and found that 
it is right at the rising part of the flare. Our late Chan- 
dra data point suggests that this flare is an independent 
component that is superimposed on the otherwise power- 
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law decaying afterglow component. This flare may then 
originate from a different emission site, adding credence 
to the late central engine activity interpretation. 

This is a particularly long and bright flare for such late 
times, and it is surprising to find it in a short GRB af- 
terglow, since models of NS-NS mergers have typically 
suggested rapid creation of a black hole with little ma- 
terial left over to feed the central engine at such late 
times. These observations suggest that the central en- 
gine of GRB 050724 may have reactivated at around a 
day after the burst, which calls for central engine models 
that can extend the short GRB central engine to such 
a late time. Possible scenarios include fragmentation 
of a neutron star b y a black hole in a NS-BH merger 
I Faber et al. I I2006T) . fragmentation of the accretion disk 
( Perna et al. II2006[). a magnetic-b arrier- modulated ac- 
cretion flow (|Proga fc Zhang Il2006|) . or the magnetic ac- 
tivity of a post-merger massive neutron star ijDai et al. I 
I2006|) . Future extensive afterglow observations and more 
detailed theoretical modeling will be required to further 
understand the progenitor and the central engine of short 
GRBs. 

Our observations of GRB 050724 have demonstrated 
the importance of late time Chandra observations of 
GRB afterglows. Our last Chandra observation from 
2005 August provides crucial information about the late 
time behavior of the afterglow that no other X-ray obser- 
vatory is able to measure at these low flux levels. Further 
late time X-ray observations of GRB afterglows will pro- 
vide an improved understanding of the characteristics of 
jets of both long and short GRBs. 



We would like to thank the anonymous referee for 
varous comments and suggestions to improve the pa- 
per, and Sergio Campana for discussions on the XRT 
light curve. This research has made use of data ob- 
tained through the High Energy Astrophysics Science 
Archive Research Center Online Service, provided by 
the NASA/Goddard Space Flight Center. This research 
was supported by NASA contract NAS5-00136 and SAO 
grant G05-6076X BASIC. 



Eichler, D., Livio, M., Piran, T., & Schramm, D.N., 1989, Nature, 
340, 126 

Faber, J. A., Baumgarte, T. W., Shapiro, S. L., and Taniguchi, K. 

2006, ApJ, submitted, |astro-ph/0603277| 
Falcone, A. et al. 2006, ApJ, 641, 1010 
Fox, D.B., et al., 2005, Nature, 437, 845 

Frail, D.A., Kulkarni, S.R., Sari, R., et al., 2001, ApJ, 562, L55 

Gehrels, N., et al., 2004, ApJ, 611, 1005 

Gehrels, N., et al., 2005, Nature, 437, 851 

Hill, J.E., et al., 2004, SPIE, 5165, 217 

Hjorth, J., et al., 2005, Nat ure, 43 7, 859 

Hogg, D., 1999, |astro-p h/9905116 

Kouveliotou, C, et al., 1993, ApJ, 5 41, L101 

Liang, E. et al. 2006, ApJ, accepted, |astrt> ph/0602142 
Meszaros , P., & Rees, M. J. 1997, ApJ, 476, Ti'l 
Meszaros, P., Rees, M. J., Wijers, R. 1999, New Astron. 4, 303 
Nousek, J., Kouveliotou, C, Grupe, D., Page, K.L., et al., 2006, 

ApJ, 642, 389 
Paciesas, W.S., et al., 1999, ApJS, 122, 465 
Paczyriski, B., 1991, Acta Astron., 41, 257 
Panaitescu, A., 2006, MNRAS, 367, 42 

Perna, R., Armitage, P.J., & Zhang, B., 2006, ApJ, 636, L29 
Popham, R., Woosley, S.E., & Freyer, C, 1999, ApJ, 518, 356 



Chandra Observations of GRB050724 



GRB 050724 



10-11 



10-12 r 



10-13 , 



Swift XRT PC data 
Chandra ACIS— S data 



5 E 



10000 1.0 10 5 

Time since Burst [s] 



1.0 10 6 



ft 



ft 



ft- 



1.0 10 5 
Time since Burst 



Fig. 1. — Swift XRT PC mode and Chandra ACIS-S light curve of the afterglow of GRB 050724. The light curve shows the observed 
0.3-1.0 keV unabsorbed flux. The right panel displays the Swift XRT and Chandra ACIS-S light curves of the decline of the late time flare. 



The dotted lines display the decay slopes of the afterglow (left, Q=0.98_QQg), and the flare decay (right 



2.98 



+0.16\ 
0.13.' 



Prochaska, J.X., ct al., 2006, ApJ, 642, 1160 
Proga, D., & Zhang, B., 2006, MNRAS, 370, 61 
Rhoads, J.E., 1999, ApJ, 487, 737 
Romano, P., et al., 2005, GCN 3685. 
Romano, P. et al. 2006, A&A, 450, 59 

Roming, P.W.A., et al., 2005, Space Science Reviews, 120, 95 
Sari, R., Piran, T., & Halpern, J. P., 1999, ApJ, 519, L17 
Soderberg, A.M., 2005, GCN 3696 

Soderberg, A. M., et al., 2006, ApJ, in press, astro-ph/0601455 
Vaughan, S., ct al., 2005, ApJ, 639, 323 
Villasenor, J.S., et al., 2005, Nature, 437, 855 
Woosley, S.E., 1993, ApJ, 405, 273 



Zhang, B., & Meszaros , P., 2004, Int. Journal of Modern Physics 

A, Vol. 19, No. 15, 2385 
Zhang, B., Fan, Y.Z., Dyks, J., Kobayashi, S., Meszaros , P., 

Burrows, B.N., Nousek, J.A., & Gehrels, N., 2006, ApJ, 642, 

354 

Zhang, B., 2005b, Proc. of "Astrophysics Sources of High Energy 
Particles and Radiation" (eds. T. Bulik, G. Madejski and B. 
Rudak), AIP conf. proc, Vol 801, 106 

Zhang, W., Woosley, S. E. & Heger, A. 2004, ApJ, 608, 365 



6 



Grupe et al. 



GRB 050724 Chandra ACIS-S 



GRB 050724 Chandra ACIS-S 




Energy [keV] 

Absorption column density N H [10 E2 cnr E ] 
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Power law fits to the X-ray spectrum of 
GRB 050724 



Observation A^h 1 /3x X 2 / u 



Chandra ACIS-S 


5.861^ 


1.08i°-j 2 


4.6/5 




4.00 (fix) 


0.86±° ; 3 3t 


5.3/6 


Swift XRT 


4 44+ 2,13 




20/15 




4.00 (fix) 


0.79±°;H 


20/16 


ACIS-S + XRT 


4 41+ 2 -«> 


0.85l°- 2 « 


26/21 




4.00 (fix) 


o.si±8:iS 


26/22 



1 Galactic absorption column density in units of 
10 21 cm" 2 . For t he Galactic value we us e 4.0 X 10 21 
cm" 2 as given bv lVaughan et aT! ]|200l 



